Increased oxide conduction has been measured in self-aligned S-D implanted MOS structures. Also observed is a kinked Fowler-Nordheim curve that can be described by the addition of a standard F-N curve of the unimplanted gate-oxide region and an F-N curve with different values for barrier height @s and pre-exponential term A, belonging to the implanted region under the poly-Si gate edge. In this region enhanced tunneling by barrier height lowering is due to trapping centers in the oxide, formed by implantation of As or P with doses above 1014 cm-2. The conductive edge region practically vanishes after oxidation of the poly-Si gate.
Introduction
Self-aligned source and drain implantations of arsenic with poly-Si gates acting as a mask, are widely used. However, in devices with relatively thin gate oxide (8-20 nm) new degradation phenomena have been reported [1] [2] [3] . MOS structures with thin gate oxides show early breakdown preferentially at the edge of the polySi gate []. These weak regions could only be eliminated by exten- sive oxidation of the poly-Si gate. Low electrical field conduction of the gate oxide under the poly-Si gate edges was also found by Peek et al. l2l . This phenomenon was found to be caused by locally high concentrations of arsenic, the sidewall angle of the etched poly-Si being a crucial parameter [,2] . Increased oxide conduction was also measured when oxides were grown on highly implanted Si-regions (EEPROM injectors) [2,41. Matsukawa et al. [4] and Wolters et al. [5] explained the higher conduction by barrier height lowering. Degradation of the quality of very thin oxides by As+ implantation has been reported in MIS capacitors by Shinozaki et al. as well [3] . Their I-V characteristics did not follow the FowlerNordheim (F-N) mechanism. However Wolters et al. [5] showed how capacitors having regions with lowered barriers yield kinked F-N curves. These regions can be caused by inhomogeneous leakage current [5] . In this paper the oxide degradation and the resulting conduction mechanism will be discussed in terms of F-N tunneling. We have investigated implanted oxides, oxides grown on highly-doped Si and oxides under the edge of poly-Si gates.
Experimental
In order to study the conduction mechanism of gate-oxide in self-aligned implanted poly-Si gate devices, we used Eo values of thin oxide versus the dose As+ implanted in the oxide. fig. 4 ) and the flat part is thought to correspond to the implanted region under the poly-Si gate edges (and may be compared with the flat line of fig. 4 ). When the poly-Si gate is oxidized ( fig. 8) Fowler-Nordheim plot of implanted and unimplanted MOS capacitors.
In fig. 9 Although the damage caused by the implantation can be annealed, a large amount of traps can be formed by the reaction of the dopant with the broken bonds. If so, we expect a distribution of traps near the interface with a tail deeper into the oxide. One of the consequences of such a distribution of traps in the oxide would be that specifically the tail of the distribution would enhance the tunneling to the conduction band of the silica at low fields. Since the number of states in the tail is small there are only a very few which are able to assist tunneling at very low fields. This means that the supply function of the tunneling expression given by A will be small compared with the intrinsic case" [5] . Stacking faults, dislocation loops and half loops are generated. In type c structures weak spots are generated at the edges in the oxide. After poly-Si oxidation (e.g. 50 min. 1000'C in 02) the lattice defects coalesce in the horizontal and vertibal directions [2, 10, 11] .
It is however observed that the number of defects along the poly-Si gate decreases strongly (TEM investigations) [12] . In spite of this disappearance of lattice defects in the critical edge region the expected increase of the Eo value is rather small ( fig. 1) l. Fig. I shows that the implantation anneal before oxidation has hardly any effect.
2. Type a and b oxides show the same lowering of @s.
We shall now consider the formation of traps. During oxidation of doped Si regions the dopant will be incorporated in the oxide and trapping centers will be formed l4,9l.Since As diffuses more slowly than P, it will be incorporated to a higher degree. This can explain the increased effect of As compared to P on the barrier height lowering. The decrease of @s is practically the same for type a and type b oxides and therefore we assume that the nature of the formed traps is the same too. In type c structures only a narrow region in the gate oxide is implanted (due to the self-aligned implantation).
This region appears to be responsible for the kinked F-N characteristic [5] . The steep part of the F-N curve represents the unimplanted region under the gate and the flat paft corresponds to the narrow implanted region at the edges.
As has been shown in fig. 8 , the effect of the self-aligned sourcedrain implantation can practically be removed after a poly-Si oxidation of 80 min in dry O2 at 1000"C. At low values of the applied field, however, the leakage currents will still be higher than for the unimplanted oxides. 
